The issue of environ mental management has assumed a worldwide dim ension cutting across developed and developing nations (Okuneye and Adebayo, 1999) . This was necessitated by the impacts generated by diverse social and economic activities including the cultivation of tree crops. Developing nations are the worst hit by environ mental degra dation arising from the exploitation of their natural resources in the quest for higher earnings for all stakeholders. Agric ulture has been a major component of Nigeria 's non-oil sector, contributing on average 81% in 1961 -64, 56% in 1983 -85, 65% in 1986 -88 and 72% in 1992 -94 (Okuneye, 1995 . The value of agricultural exports increased by about 1,500% from only N193.6 million 1 in 1985 to an annual average of N2.275 billion in 1992. Cocoa, rubber, fish and shrimps , forestry products and cotton are the main agricultural commodities boosting Nigeria's agricultural exports. Central Bank of Nigeria (CBN) data show that cocoa and rubber alone constitute 74% of the total agricultural exports in Nigeria (CBN, 1998) .
The permanent nature of these crops implies that they occupy large areas of land and have been exploited over periods in excess of 30 years. During this period, varying levels of fertilizers, herbicides and other pesticides have been used and have had a marked effect on the soil and water in the vicinity of the farms. There is a need to control pollution of soil and surface water resources because public health and well-being have direct links with the availability of productive soils and good quality water. This study, therefore, examined the environmental impacts of the use of agrochemicals on cocoa and rubber cultivation in Nigeria.
Specifically, the study: (i) highlight ed the socioeconomic profile of cocoa and rubber farmers in Nigeria; (ii) estimated the level and efficiency of resource use on cocoa and rubber farms over key policy regimes; and (iii) determined the influence of cocoa and rubber cultivation on soil and water pollution in the country.
Environmental impacts of cocoa and rubber cultivation in Nigeria 
Methodology
Nigeria occupies an estimated land area of about 923,921 km 2 spreading from latitude 4° 20' to latitude 14° 10' north of the equator and from about longitu de 2° 15' to longitude 14° 15' east. There is a wide variation in mean annual rainfall throughout the country. It varies from less than 700 mm in the Sahara Desert in the north to over 5,000 mm in the Niger delta area bordering the Atlantic Ocean. The study locations were selected through a multistage process. The top six states in the cultivation of cocoa and rubber were selected from the data available at the Central Bank of Nigeria. In each state, three local government areas (LGAs) were selected in collaboration with local institutions.
LGAs were selected on the basis of high, low and negligib le or no levels of production of the crops (Table 1) . In each LGA, one to three villages were randomly selected for focus group discussions (FGDs) and 15, 10 and 5 farmers respectively were selected from the high, low and negligib le producing areas. In all, 180 farmers, 8 water samples and 14 soil samples were taken from the locations for analysis.
The data obtained on farmer profiles were subjected to descriptive analysis, but data on cocoa and rubber cultivation were subjected to gross margin and cost-benefit analyses. The soil samples were analysed for nutrient and pesticide residu es and the water for nitrate, phosphate and metal concentrations. Table 2 shows the socioeconomic attributes of sampled farmers. Male farmers, who comprised 97% of cocoa and 93% of rubber growers, predominantly produced both cocoa and rubber. About 26% of the cocoa farmers had non-farming activities as their main occupations, compared with 19% for rubber growers. Most of the cocoa growers (63%) and 29% of the rubber producers had had no formal education. The implication of this is that many farmers would not, without help, be able to read instructions expressed in English on the labels of agrochemicals. It is noteworthy, therefore, that over 50% of the farmers had had some formal training in cocoa or rubber production. relatively more costly in the post-SAP period than during the SAP period. Pesticide was not used on the rubber farms. Pesticide use was specified as being dependent on pesticide prices, fertilizer prices, cocoa output, cocoa price, farm size and age of cocoa trees (Akinola, 1986) . The results in Table 3 further demonstrate that the most important factor in the determination of pesticide demand in cocoa production is the price of cocoa output, which is positively related to pesticide demand. The elasticity coefficient was 0.64 for both 1985/86 and 1992/93 and increased to 0.69 in 1999/ 2000.
Results and discussion

Socioeconomic profile of cocoa and rubber farmers in Nigeria
Level and efficiency of resource use on cocoa and rubber farms
The gross margin analysis was carried out bearing in mind that the fixed cost items used by tree crop farmers were mainly cutlasses whose depreciated values are very low relative to the variable cost items. Table 3 shows the summary of the gross margins per hectare for an average cocoa and rubber farm for the three periods under consideration. The results show that the profitability ratio for the period of the SAP was higher (5.67 and 5.09 for cocoa and rubber) than the pre-SAP and post-SAP periods, which were 1.46 and 4.32 and 3.41 and 1.65 respectively for cocoa and rubber. The fall during the post-SAP period signalled the fact that the benefits during the SAP period were not sustainable thereafter. Generally, profitability was greater on cocoa farms than on rubber farms, especially in the post-SAP period. This was largely due to the sharp decline in rubber prices in the post-SAP period.
Cost-benefit analyses for the crops were carried out based on the bank lending rate as an appropriate proxy for the discount rate. The economic life of each crop was estimated to be 30 years and 33 years respectively for cocoa and rubber. Net present values (NPV) of N2,424.60 and N46.25 were obtained for cocoa and rubber respectively, while the benefit/cost ratios (B/C) were 1.343 and 0.988 for cocoa and rubber respectively. The implication of this is that while cocoa cultivation can be attractive to farmers at the current lending rate, rubber cultivation is not. This may explain why some farmers reported during the FGDs that rubber trees were being cut down in Edo and Delta states, while farmers in Cross River state had stopped tapping the trees.
Influence of cocoa and rubber cultivation on soil and water
Chemical degradation of agricultural soils is often manifested in loss of nutrients, salinization, acidification and an accumulation of toxic compounds from the application of pesticides. The nutrient contents of soils under cocoa trees are summarized in Table 4 . The organic matter content of the surface (0-30 cm depth) soils ranged from medium (2.26%) to high (6.07%). In general, the values were within the medium range for soils, except in Abia state, which had very high values. The total nitrogen (N) content also compared well with medium values for mineral soils except Abia and Cross River states, which possessed higher values. These values suggest a substantial return of N through litter fall, since it was observed that fertilizers were rarely used on the farms visited. Since the farmers claimed that they did not apply fertilizers, the source of the high NO 3
-N values in these soils could be traced to the mineralization of the high organic matter of the cocoa soils in that state. The levels of micronutrients in the cocoa soils are typical and do not appear to constitute any potential danger. The concentration of exchangeable calcium (Ca) was relatively high, while that of magnesium (Mg) was moderate. The low values of exchangeable potassium (K) in the cocoa soils suggest that some K has probably been lost through leaching. The concentration of phosphorus (P) in Ogun state cocoa soils was very high. The mean value below 30 cm soil depth (123.7 mg kg -1 ) may indicate an uncharacteristically downward movement of P, which in turn may suggest low P adsorption capacity of the soils and, consequently, possible loss of the element through leaching. However, in Ondo and Cross River states, the values of P were lower than the medium range for soils generally.
The nutrient contents of soils under rubber crops (Table 5 ) followed the same trend as in cocoa soils. However, the organic matter contents of the soils in Delta and Edo states were very high, exceeding the normal range for mineral soils, while the values were very low in Abia and Cross River states. Observations in the field showed that as a result of the low output prices, the farmers had abandoned trees and the canopy had been broken by the felling of rubber trees for firew ood.
Previous heavy leaf litter only protects the soil. Despite the high organic matter content of the Delta and Edo soils, there was no evidence of NO 3 -N accumulation in the soil as the values were within the low to mediu m values for Tables 6 and 7 . Most soil analyses show that residues are either not detectable or are detectable only at ultra-trace levels. Thus, pesticide accumulation does not exist to any appreciable extent, which reflects the low level of pesticide use.
The results obtained from the chemical assay of water samples are summarized in Table 8 . The four streams located on or near cocoa farms showed that the sample from Etomi village in Etung LGA, Cross River state, had the lowest concentrations in all 11 parameters analysed for, except total petroleum hydrocarbon. The results of nitrate (NO 3 ), phosphate (PO 4 ), potassium (K), copper (Cu) and zinc (Zn) in the samples obtained from the stream adjacent to a rubber processing factory were higher than in samples obtained from streams near or on the cocoa farms. Effluents obtained from the rubberprocessing factories contained higher concentrations of phosphate, potassium, zinc and total petroleum hydrocarbons than the stream water samples.
The nitrate results obtained show no particular trend. A mean of 1.83 ppm (range 0.49 to 2.34 ppm NO 3 ) nitrate was obtained for streams in or near cocoa farms. This Environmental impacts of cocoa and rubber cultivation in Nigeria result is within the range (1.2 to 2.3 ppm) of nitrate concentrations obtained by Ogunlowo (1991) for some rivers along the cocoa-growing areas of Ondo state. One stream alongside a rubber-processing factory contained 6.62 ppm NO 3 -that is about three times the nitrate concentration of streams near the cocoa farms.
Effluents from the rubber-processing factories contained trace amounts of nitrates, except for sample 8, which contained 5.92 ppm NO 3 -. However, all the effluent samples contained less than the FEPA (1997) effluent limits for discharge into surface water (20 mg/l).
The mean phosphate concentration obtained for the streams in cocoa farms (mean = 0.04 ppm; range = 0.01 to 0.11 ppm) is within the range (0.27 to 1.08 ppm) obtained by Ogunlowo in 1991 when he analysed rivers along the cocoa-growing areas of Ondo state. The phosphate content of the rubber factory effluent samples (mean = 1.45 ppm; range = 0.66 to 1.89 ppm) is lower than the FEPA (1997) effluent limit for discharge into surface water (5.0 ppm).
Metal contamination of the aquatic environm ent may lead to deleteri ous effects from localized inputs that may be acutely or chronically toxic to aquatic life. The sodium (Na) content of effluent samples (mean = 0.32 ppm; range 0.05 to 0.47 ppm) was observed to be lower than that of the stream water samples in or near cocoa farms (mean = 9.40 ppm; range 1.31 to 16.46 ppm), clearly showing that the effluent from rubber-processing industries does not contain added sodium ions. A close examination of the results of K in all the samples analysed shows a reverse trend, ie the effluents contained a larger amount of K (mean = 15.65 ppm; range = 10.46 to 16.52 ppm) than the stream water samples (mean = 3.34 ppm; range = 0.78 to 6.69 ppm). A value of 7.73 ppm K was obtained for the stream adjacent to the rubber-processing factory.
The results of Mg, Ca, Mn, Fe and Zn in all the water samples and effluents did not show any particular trend. However, only trace concentrations of the five metals were obtained in the samples. Cu was not detected in any samples except sample 7, which contained 0.67 ppm of the metal. This clearly shows that the cultivation of cocoa and rubber has not resulted in significant metal pollution of surface waters in the study area. The effluent samples from the rubber-processing industries showed higher concentrations of total petroleum hydrocarbon (mean = 27.17 ppm) compared with stream water samples (8.88 ppm). The mean result obtained for the effluent samples is higher than the FEPA (1997) effluent limit (50 ppm) for discharge into surface waters.
It is clear from all this that the present farming systems can still accommodate the use of higher levels of agrochemicals; pollution of the surface water has not occurred as a result of the cultivation of cocoa and rubber. This confirms the information provided by the participants in the FGDs, ie that farmers had not been using fertilizers and pesticides on their farms, mainly due to the high prices of agrochemicals relative to the prices of cocoa and rubber. Any efforts taken to subsidize the cost of agrochemicals should, however, take cognizance of the risks of overuse, and proper advisory and medical services should be in place.
Conclusion and recommendations
The main positive environm ental impacts of cocoa and rubber cultivation that can be identified are that the cultivation of cocoa and rubber, unlike arable crop farming, has led to the prevention of erosion on farms and the formation of a good ecosystem using the canopy and leaf litter from the trees. Thus, only low levels of soil nutrient depletion have occurred, mainly because of nutrient recycling by the roots of the crops. On the other hand, where the traditional practices have ceased, there is a risk of negative environm ental impacts such as destruction of biodiversity arising from expansion of farmlands; increased incursion into marginal lands; and virtual abandonmen t of rubber trees and the broken canopy due to the felling of rubber trees. The total petroleum hydrocarbon of the samples obtained in rubber-processing factories was of high concentration and potentially dangerous to the community.
There are, however, several other spin-offs from this
Outlook on AGRICULTURE Vol 32, No 1 study that might usefully be noted. There should, for example, be a control mechanism in operation to avoid any negative impacts of changing farming practices, to advise on and monitor the rate of expansion of tree crop farms and provide incentives for the replacement of old trees. This will dissuade farmers from unprofitable and environm entally unfriendly practices. Moreover, there should be an effluent charge on pollutants arising from the activities of rubber-processing indu stries to minimize or eradicate the untreated petroleum hydrocarbon generated by factories.
A farm development advisory system should be evolved to advise non-producers of cocoa and rubber on appropriate environmentally friendly and profitable enterprise combinations of new or existing exportable crops that can also raise incomes and minimize income disparities in communities and between genders. Moreover, there is a need to re-establish supervisory marketing agencies that can monitor the sale and promote the cultivation of cocoa and rubber in an environmentally friendly manner and assist in the supply of appropriate and unadulterated agrochemicals. This body could be quasi-governmental with substantial influence from cocoa/rubber producers' associations, researchers and the financial institutions.
There is also a need for conservation and rehabilitation programmes in areas where degradative processes are about to set in. Uncontrolled felling of rubber trees should be checked and farmers encouraged through appropriate pricing mechanisms to replant the cleared land and rehabilitate old rubber plantations with disease-resista nt and early-maturing varieties such as those now available at the Rubber Research Institute of Nigeria.
Finally, to enhance the positive impacts, it is recommended that the Federa l governm ent should ensure that the margin between the producer prices of exportable crops and the world price is as low as possible, so that farmers can benefit substantially from international trade. This will entail the communication of market prices on a regular basis in the electronic and print media. Government should also legislate on the processing of cocoa beans to increase the added value and genera te employment opportunities at the grassroots level. There should be more governm ent support for agriculture through construction of rural roads, rural electrification, development of seed and fruit nurseries , as well as through the provision of primary and secondary schools to boost the level of literacy of rural people. The governm ent should also increase resea rch and training funds for the environment, agriculture and trade. Such resea rch should focus on disease-resistant and high-yiel ding varieties of crops so as to minimize the use of agrochemicals. At the same time, farmers' associations should continually enlighten their members on environm entally friendly actions through training, workshops and seminars.
